ABSTRACT Ovarian ornithine decarboxylase (L-ornithine carboxy-lyase, EC 4.1.1.17) regulation was investigated in immature, pubescent, and pseudopregnant rats. After initial induction of the enze by injection of lutropin in the immature rat, continued daily injections resulted in a graded decrease in the activity of the enzyme. In the 32-day-old rat, the induction and subsequent decline in enzymic activity after a single injection of lutropin could only be partially reversed by injections of the hormone at 4-hr intervals. This decrease could not be attributed to a decrease in ovarian in vivo uptake of the hormone. In the pseudopregnant rat, ovarian ornithine decarboxylase is highly refractory to induction by either a single injection or repeated injections of lutropin. This refractoriness occurs despite a 2-to 3fold increase in ovarian in vivo uptake of the hormone compared to that in the 32-day-old rat. It is suggested that the refractoriness observed with all three tissues is a function of cell differentiation.
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Ornithine decarboxylase (ODC; L-ornithine decarboxy-lyase, EC 4.1.1.17) from mammalian tissues has been intensively studied since it was first reported in regenerating rat liver by Janne and Raina (1) and by Russell and Snyder (2) and in rat ventral prostate by Pegg and Williams-Ashman (3) . The induction of the enzyme has been demonstrated in several tissues and is effected by both steroid and polypeptide hormones acting at their respective target tissue sites (4) (5) (6) (7) (8) (9) . In almost all systems studied, maximal activity is observed 4-5 hr after administration of the stimulus and declines rapidly thereafter.
The induction of ovarian ODC by lutropin (LH) and human chorionic gonadotropin (hCG) has been demonstrated in both the immature (10, 11) and adult rat (6) . During the estrus cycle, a maximal response is observed in late proestrus (12) and seems to be dependent on the release of lutropin from the pituitary. Maudsley and Kobayashi (12) also observed that the ovary of mature rats becomes refractory to repeated administration of hCG. This refractoriness may be attributed to cell differentiation. For example, testicular ODC is associated with the Sertoli cells of newborn and adult rats whereas almost no activity is detected in spermatids and other cells (13) .
The mechanism of regulation of ODC is unknown. This work reports on an ovarian tissue in which ODC activity is highly refractory to lutropin stimulation. This system represents a model tissue whereby further studies on ODC regulation as a function of cell differentiation can be undertaken. A comparison of results obtained on the regulation of the enzyme in the ovaries of immature, pubescent, and pseudopregnant rats is also reported.
MATERIALS AND METHODS
Animals. Female rats of the Wistar strain, purchased from Holtzman, were fed laboratory chow and given water ad lib. All injections were performed subcutaneously. Hormonally induced pseudopregnant rats were prepared as described by Parlow (14) and used 5 days after administration of hCG.
Preparation of Porcine Lutropin (pLH) pLH was extracted from freshly frozen pituitaries (Hormel Co.) according to the method of Chow et al. (15) . Further purification was achieved on a Bio-Gel A column (2 X 33 cm) equilibrated with 0.02 M glycine/NaOH buffer, pH 9.5. The unadsorbed fraction was pooled, dialyzed at 4°for 3 days against several changes of water, and lyophilized. The pLH so obtained was rechromatographed, dialyzed, and Iyophilized a second time. Examination of the preparation on polyacrylamide gels (pH 8.5) stained with Coomassie blue revealed the characteristic three bands of purified LH. The biopotency of the hormone as assayed by the ODC method (11) Iodination of pLH. Bovine lactoperoxidase was covalently bound to Sepharose 4B essentially as described by David and Reisfeld (16) and a coupling efficiency of 97% was achieved. The concentration of bound lactoperoxidase was 0.21 mg of protein per ml of Sepharose. pLH was iodinated as described by David and Reisfeld (16 
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The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. to give a concentration of 100 mg of tissue per ml of buffer. The homogenate was centrifuged at 600 X g for 10 min. The pellet was washed twice with small volumes of buffer and centrifuged, and the washes were added to the original supernatant. This extract was then centrifuged at 20,000 X g for 10 min in a Beckman J-21B centrifuge. The 20,000 X g pellet was also washed and the washing and supernatant were combined and subjected to a final centrifugation at 100,000 X g for 60 min (Beckman ultracentrifuge, model L3-50, 60 Ti rotor). For assay of radioactivity, the pellets were suspended in an appropriate volume of buffer (usually 100-300,Ml 5 hr after the last injection. ODC activity was determined in the 100,000 X g supernatant. Each value represents three separate experiments (three rats). Control rats were injected with 0.02 M borate, pH 8.0/1% NaCl. resulted in a graded decrease in the maximal ODC activity as compared to that obtained when only one injection of the hormone was administered (Fig. 2) . At days 2, 3, and 4, ODC activity was 65%, 42%, and 19% of that obtained after a single injection. Throughout this period the ovaries were comparable in size and color and exhibited progressive follicular development. A refractoriness to hormonal treatment of ovaries of immature rats, as measured by a decrease in the level of ODC induction, is clearly evident.
The ovarian site of action of LH is thought to be the mature follicle. The interaction resufts in ovulation and corpus luteum formation. The simultaneous injection of pregnant mare serum gonadotropin and hCG into an immature rat (25 to 27 days old) results 5 days later in pseudopregnancy (14) , which is characterized by a large population of corpora lutea and mature follicles. This luteinized ovary thus offers a unique tissue in which to study in vivo whether the refractoriness observed is associated with a unique cell type. Since hCG has been shown to induce ODC in both the mature (12) and the immature rat (10, 11) , the effect on ODC activity of a single injection of pLH in a pseudopregnant rat was investigated. The small increase in enzymic activity observed 5, 7, and 9 hr after administration of the stimulus (Table 1) To investigate whether the refractoriness of ODC induction is due to a decreased uptake of the hormone, radioiodinated pLH was injected into pseudopregnant and 32-day-old rats and the radioactivity of the homogenates obtained at 1, 3, and 5 hr after administration of the hormone was determined. Table 2 indicates that, at various periods after injection, no significant decrease in uptake of radioactivity was observed. Furthermore, the uptake of radioactivity in vivo was not inhibited by previous injections of unlabeled hormone. In the pubescent rat, the majority (63-71%) of the radioactivity appeared in the cytosol and small amounts (3-6%) were distributed equally in the 600 X g, 20,000 X g, and 100, 000 X g pellets. In the pseudopregnant rat, however, a 2-to 3-fold increase in ovarian uptake of '25I-labeled pLH was observed at all times studied. Only 42-51% was accounted for in the cytosol with 16% and 20% in the 600 X g and 20,000 X g pellets, respectively. Small amounts were found in the 100,000 X g pellet. The radioactivity in the 100,000 X g supernatant of the 5-hr homogenates from 32-day-old and pseudopregnant rats was illentified by gel filtration on P-100 as free iodide (Fig. 3) . This free iodide could not be attributed to a contamination of the labeled hormone which was eluted as a single peak on P-100. Repeated injections of 5 .0. The column was 1 X 39 cm with a flow rate of 12 ml/hr; 1-ml fractions were collected. All steps were performed at 4°. (A) From pseudopregnant rats; sample was 1.0 ml (7.02 X 103 cpm). (B) From 32-day-old rats; sample was 260 1d (1.73 X 103 cpm).
pLH at 4-hr intervals in pubescent and pseudopregnant rats indicated that neither the uptake nor the subcellular distribution of the radioactivity is altered by previous injections of maximal doses of unlabeled hormone ( Table 2 ). The release of free iodide seems to be specific to the hormone. When 125I-labeled bovine albumin was injected into pseudopregnant rats, the radioactivity recovered in the 100,000 X g supernatant cochromatographed with unlabeled bovine serum albumin. Similar results were obtained using the 32-day-old rat.
DISCUSSION
The regulation of ODC in a number of systems has been studied by several investigators. Its inhibition has been ascribed either to increases in polyamine concentrations (18) (19) (20) or to antizyme formation (21). The results described here with the ovaries of immature, pubescent, and pseudopregnant rats strongly suggest that differentiation and ODC regulation are closely associated phenomena.
The ovaries of immature rats consist mainly of interstitial cells and follicles at different stages of maturation. In addition to these cells, ovaries of pubescent rats contain small corpora lutea. The site of LH action is thought to be the mature follicle. One of the biochemical markers of LH action is ODC induction, which has been shown in immature, pubescent, and cyclic rats to attain a peak value 4-5 hr after injection of the stimulus and to decline soon after (10) (11) (12) . This decline in the 32-day-old rat could only be partially reversed by injections of the stimulus at 4-hr intervals. The partial reversal obtained with the second injection of LH is thought to reflect both ODC inactivation and disappearance of the stimulus itself. Administration of a third dose of the hormone maintained ODC activity at a much smaller level. This effect cannot be explained by either ODC inactivation or disappearance of LH. It would seem to reflect either accumulation of inhibitory concentrations of total polyamines or loss of cells responsive to LH stimulation, responsiveness here being identified by ODC activity. Furthermore, single daily injections of pLH in immature rats resulted in a graded decrease of the extent of maximal ODC induction. This lends support to the conclusion that cell refractoriness may be the more important factor in ODC regulation. A rigorous quantification of the enzyme protein with morphological correlation of changes in the ovary would be needed to prove this point. Little is known about the metabolism of polyamines in the ovary, and determination of their concentration in ivo would also be required.
Pseudopregnancy can be induced in the rat by the combined action of two hormones, pregnant mare serum gonadotropin and hCG, both of which have functions similar to those of LH.
Single or repeated injections of pLH in the pseudopregnant rat result in only small amounts of ODC activity despite increased uptake of the hormone as compared to the pubescent rat. This Physiological Sciences: Nureddin high degree of refractoriness cannot be explained by the presence of ODC antizyme because enzyme induction is minimal and the half-life of the antizyme is estimated to be 18-66 min (21) .* The pool of endogenous polyamines would also be expected to be low. Thus, although the studies reported here do not preclude that initiation of refractoriness may be due to one of the several mechanisms postulated, the minimal induction of ODC activity observed in pseudopregnancy seems to be specific to the cell types characteristic of that ovary-namely, the mature follicles or the corpora lutea. Hence, this preparation offers an ideal system for the study in vvo of ODC regulation in the absence of exogenous polyamines (22) .
Refractoriness to hormonal stimulation was first observed by Robison and coworkers (23) . Conti et al. (24) and Hunzicker-Dunn and Birnbaumer (25) working with pseudopregnant rats reported desensitization of LH-stimulable adenylate cyclase. This desensitization was not observed in control pseudopregnant rats. Such is not the case with ODC: in a comparable in vivo experiment, a highly refractory state was obtained. Furthermore, ovarian tissue from 5-to 6-day pseudopregnant rats has been used as a source of receptor preparation (26) . Thus, the findings reported here cannot be explained by the loss of receptors as has been shown for adenylate cyclase (24) . These findings indicate that refractoriness of ODC may occur by a mechanism that is different and separate from that of adenylate cyclase.
The administration of 125I-labeled pLH to 32-day-old and pseudopregnant rats demonstrates that uptake of the hormone by the ovaries is not impaired by previous injections of unlabeled LH. The appearance of free 1251 in the cytosol, which seems to be specific to the hormone administered, might represent catabolism of LH. It would be interesting to investigate whether this occurs in a manner similar to that described for liver and kidney (27) . No attempt has been made in this work to characterize the label in the 600 X g and 20,000 X g pellets.
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